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(57) ABSTRACT 

An electronic fuse circuit for interrupting a current flowing 
through a power circuit includes: a trip Switch structured to 
open and close to interrupt and permit, respectively, the cur 
rent flowing through the power circuit; a current sensing 
circuit structured to sense when a magnitude of the current 
flowing through the power circuit is greater than a predeter 
mined magnitude; a trip circuit structured to control the trip 
Switch to open and close based on the sensed magnitude of the 
current flowing through the power circuit; and a processor 
having a routine structured to monitor a characteristic of the 
trip circuit and, when the monitored characteristic meets a 
predetermined criteria, to enteran override mode and control 
the trip circuit to control the trip switch to open regardless of 
the magnitude of the current flowing through the power cir 
cuit. 

20 Claims, 3 Drawing Sheets 
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ELECTRONIC FUSE CIRCUIT AND METHOD 
OF CONTROLLING THE SAME 

BACKGROUND 

1. Field 
The disclosed concept relates generally to fuses and, more 

particularly, to fuse circuits for interrupting current flowing 
through a power circuit. The disclosed concept also relates to 
methods of controlling fuse circuits. 

2. Background Information 
Fuses have been employed to protect power circuits from 

over-current conditions. One type of fuse includes a conduc 
tive element which is connected in series with the protected 
power circuit. The conductive element heats up due to current 
flowing therethrough. The fuse is designed such that when the 
current flowing through the power circuit exceeds a predeter 
mined level, the conductive element becomes hot enough to 
melt and interrupt the current flowing through the power 
circuit. 

However, it is difficult to control the precise level of current 
at which the element of the fuse will melt and interrupt current 
flow. Additionally, it takes time for the element of the fuse to 
sufficiently heat up and melt. Thus, it is difficult to control or 
reduce the response time of the fuse. Furthermore, once the 
fuse is blown, at least the conductive element of the fuse needs 
to be replaced in order for the fuse to be usable again. 

There is room for improvement in fuse circuits. 
There is also room for improvement in methods of control 

ling fuse circuits. 

SUMMARY 

These needs and others are met by aspects of the disclosed 
concept which provide an electronic fuse circuit for interrupt 
ing a current flowing through a power circuit. These needs 
and others are also met by aspects of the disclosed concept 
which provide a method for controlling an electronic fuse 
circuit and a non-transitory computer readable medium 
including the same. 

In accordance with aspects of the disclosed concept, an 
electronic fuse circuit for interrupting a current flowing 
through a power circuit comprises: a trip Switch structured to 
open to interrupt the current flowing through the power circuit 
and to close to permit the current to flow through the power 
circuit; a current sensing circuit structured to sense when a 
magnitude of the current flowing through the power circuit is 
greater than a predetermined magnitude; a trip circuit struc 
tured to control the trip switch to open in response to the 
current sensing circuit sensing that the magnitude of the cur 
rent flowing through the power circuit is greater than the 
predetermined magnitude and to control the trip Switch to 
close when the current sensing circuit does not sense that the 
magnitude of the current flowing through the power circuit is 
greater than the predetermined magnitude; and a processor 
having a routine, the routine being structured to monitor a 
characteristic of the trip circuit and, when the monitored 
characteristic meets a predetermined criteria, to enteran over 
ride mode and control the trip circuit to control the trip switch 
to open regardless of the magnitude of the current flowing 
through the power circuit. 

In accordance with other aspects of the disclosed concept, 
a method controls an electronic fuse circuit configured to 
interrupt a current flowing through a power circuit, the elec 
tronic fuse circuit including a trip Switch structured to open to 
interrupt the current flowing through the power circuit and to 
close to permit the current to flow through the power circuit, 
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2 
and a trip circuit structured to control the trip switch based on 
a magnitude of the current flowing through the power circuit. 
The method comprises: monitoring a characteristic of the trip 
circuit; determining whether the characteristic of the trip 
circuit meets a predetermined criteria; and entering an over 
ride mode in which the trip circuit controls the trip switch to 
open regardless of the magnitude of the current flowing 
through the power circuit and controlling the trip circuit to 
open the trip Switch. 

In accordance with other aspects of the disclosed concept, 
a non-transitory computer readable medium stores one or 
more programs, including instructions, which when executed 
by a computer, causes the computer to perform a method of 
controlling an electronic fuse circuit configured to interrupt a 
current flowing through a power circuit, the electronic fuse 
circuit including a trip Switch structured to open to interrupt 
the current flowing through the power circuit and to close to 
permit the current to flow through the power circuit and a trip 
circuit structured to control the trip Switch based on a mag 
nitude of the current flowing through the power circuit. The 
method comprises: monitoring a characteristic of the trip 
circuit; determining whether the characteristic of the trip 
circuit meets a predetermined criteria; and entering an over 
ride mode in which the trip circuit controls the trip switch to 
open regardless of the magnitude of the current flowing 
through the power circuit and controlling the trip circuit to 
open the trip Switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A full understanding of the disclosed concept can be 
gained from the following description of the preferred 
embodiments when read in conjunction with the accompany 
ing drawings in which: 

FIG. 1 is a block diagram in schematic form of an elec 
tronic fuse circuit in accordance with an example embodi 
ment of the disclosed concept; 

FIG. 2 is a circuit diagram of an electronic fuse circuit for 
a power circuit in accordance with an example embodiment 
of the disclosed concept; 

FIG. 3A is a plot of the current flowing through the power 
circuit of FIG. 2; 

FIG. 3B is a plot of the voltage at node A of FIG. 2; 
FIG. 3C is a plot of the voltage at node B of FIG. 2; and 
FIG. 4 is a flowchart of a method of controlling an elec 

tronic fuse circuit in accordance with embodiments of the 
disclosed concept. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Directional phrases used herein, such as, for example, left, 
right, front, back, top, bottomand derivatives thereof, relate to 
the orientation of the elements shown in the drawings and are 
not limiting upon the claims unless expressly recited therein. 
As employed herein, the statement that two or more parts 

are “coupled together shall mean that the parts are joined 
together either directly or joined through one or more inter 
mediate parts. 
As employed herein, the term “number shall mean one or 

an integer greater than one (i.e., a plurality). 
As employed herein, the term “processor shall mean a 

programmable analog and/or digital device that can store, 
retrieve and process data; a controller, a control circuit; a 
computer, a workstation; a personal computer; a digital signal 
processor, a microprocessor, a microcontroller; a microcom 
puter; a central processing unit; a mainframe computer; a 
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mini-computer; a server; a networked processor, or any Suit 
able processing device or apparatus. 

Referring to FIG. 1, an electronic fuse circuit 1 is electri 
cally connected to a power circuit including a power Source 2 
and a load 3. The electronic fuse circuit 1 is configured to 
interrupt the current I flowing through the power circuit. 
The electronic fuse circuit 1 includes a trip switch 10 (e.g., 

without limitation, a metal-oxide-semiconductor field-effect 
transistor), a current sensing circuit 20, a trip circuit 30, and a 
processor 40. The trip switch 10 is structured to open to 
interrupt the current I flowing through the power circuit and to 
close to permit the current I to flow through the power circuit. 
The current sensing circuit 20 is structured to sense when a 
magnitude of the current I is greater than a predetermined 
magnitude. The trip circuit 30 is configured to control opera 
tion of the trip switch 10. When the magnitude of the current 
I is less than the predetermined magnitude, the trip circuit 30 
controls the trip switch 10 to close, and when the magnitude 
of the current I is greater than the predetermined magnitude 
(e.g., without limitation, an over-current condition in the 
power circuit; 350 mA; any suitable current value), the trip 
circuit 30 controls the trip switch 10 to open and interrupt the 
current I flowing in the power circuit. 
The processor 40 includes a routine 41 structured to moni 

tor a characteristic of the trip circuit 30 and, when the moni 
tored characteristic meets a predetermined criteria, to enteran 
override mode and control the trip circuit 30 to control the trip 
switch 10 to open regardless of the magnitude of the current 
I. After a predetermined period of time, the routine 41 exits 
the override mode and resumes monitoring the characteristic 
of the trip circuit 30. Also, when the routine 41 exits the 
override mode, the trip circuit 30 resumes controlling the trip 
switch 10 based on the magnitude of the current I flowing in 
the power circuit. 

Referring to FIG. 2, a circuit diagram of the electronic fuse 
circuit 10 in accordance with an example embodiment of the 
disclosed concept shows circuit components of the current 
sensing circuit 20 and the trip circuit 30 in more detail. The 
current sensing circuit 20 includes first and second resistors 
R1,R2 and a first switch 21 (e.g., without limitation, a bipolar 
junction transistor). The first resistor R1 is electrically con 
nected in series with the power circuit and the second resistor 
R2 is electrically connected between the power circuit and the 
first switch 21. Resistance values of the first and second 
resistors R1,R2 are selected such that the first Switch 21 
closes when the magnitude of the current I is greater than the 
predetermined magnitude. When the first switch 21 closes, 
the current sensing circuit 20 outputs a signal to the trip circuit 
30. The signal indicates to the trip circuit 30 that the magni 
tude of the current I is greater than the predetermined mag 
nitude. 
The trip circuit 30 includes second and third switches 31.32 

(e.g., without limitation, metal-oxide-semiconductor field 
effect transistors). The trip circuit 30 further includes resis 
tors R3.R4R5.R6.R7R8R9, capacitors C1, C2, and diodes 
D1.D2. The trip circuit 30 is also electrically connected to a 
Supply Voltage V, and a ground GND which may be pro 
vided by a power Supply (not shown). 
When the trip circuit 30 receives the signal from the current 

sensing circuit 20, the second switch 31 closes. Closing of the 
second switch 31 causes the third switch 32 to open, which in 
turn causes the trip circuit 30 to control the trip switch 10 to 
open and interrupt the current I flowing through the power 
circuit. When the trip switch opens and interrupts the current 
I, the magnitude of the current I will fall below the predeter 
mined magnitude leading to the trip circuit 30 controlling the 
trip switch 10 to close and permit the current I to flow through 
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4 
the power circuit. However, if there is a condition in the power 
circuit that causes the magnitude of the current I to continue 
to rise above the predetermined magnitude each time the trip 
switch 10 is closed, the trip circuit 30 will repeatedly open 
and close the trip switch 30. 

In order to detect when the trip circuit 30 controls the trip 
switch 10 to close, the routine 41 of the processor 40 monitors 
a characteristic of the trip circuit and determines whether the 
monitored characteristic meets a predetermined criteria. For 
example and without limitation, the routine 41 monitors a 
voltage signal at a first node A. When the routine 41 detects a 
change in Voltage at node A (e.g., without limitation, a rise in 
voltage), the routine 41 enters an override mode. In the over 
ride mode, the routine 41 controls the trip circuit 30 to control 
the trip switch 10 to open regardless of the magnitude of the 
current I. For example and without limitation, the routine 41 
outputs a low signal to a second node B which causes the third 
Switch 32 to open, thus causing trip switch 10 to open. 
The routine 41 may wait a first predetermined period of 

time (e.g., without limitation, a trip time; 20 ms; any Suitable 
time) before entering the override mode. After entering the 
override mode, the routine 41 waits a second predetermined 
period time (e.g., without limitation, a recovery time; 5 S; any 
suitable time) before exiting the override mode and permit 
ting the trip circuit 30 to once again control the trip switch 10 
based on the magnitude of the current I. 

While particular circuit components and a particular 
arrangement of the circuit components for the electronic fuse 
circuit 1 of FIG. 2 are disclosed, it should be appreciated that 
the disclosed concept is not limited thereto. It should be 
appreciated that various selections of Suitable components 
and arrangements may be employed in the electronic fuse 
circuit 1 without departing from the scope of the disclosed 
concept. 
An example operation of the electronic fuse circuit 1 over 

a period of time will now be described with reference to the 
plots shown in FIGS. 3A, 3B, and 3C. The plots are broken 
into four periods of time, an initial period of time To the first 
predetermined period of time T, the second predetermined 
period of time T, and a third period of time T. In FIG. 3A, 
the magnitude of the current I is shown as a solid line and the 
predetermined magnitude is shown as a dashed line. In FIG. 
3B, the voltage signal at the first node A of FIG. 2 is shown. 
In FIG. 3C, a voltage at the second node B of FIG. 2 is shown. 

During the initial period of time To the magnitude of the 
current I is less than the predetermined magnitude. At the end 
of the initial period of time T, the magnitude of the current I 
becomes greater than the predetermined magnitude. When 
the magnitude of the current I becomes greater than the pre 
determined magnitude, the Voltage at the first node A rises, as 
shown in FIG.3B, due to the third switch 32 opening. During 
the first predetermined period of time the magnitude of the 
current I and the Voltage signal at the first node A oscillate due 
to the trip switch 10 being repeatedly opened and dosed by the 
trip circuit 30. 

After the first predetermined period of time T, the routine 
41 of the processor 40 enters the override mode and outputs a 
low signal to the second node B, as shown in FIG.3C. The low 
signal at the second node B causes the Voltage signal at the 
first node A to remain high, which in turn causes the trip 
switch 10 and the magnitude of the current I to fall. Through 
out the second predetermined period of time T, this condi 
tion remains constant. 
At the end of the second predetermined period of time T, 

the routine 41 exits the override mode and removes the low 
signal from the second node B, as shown in FIG.3C. Remov 
ing the low signal from the second node B causes the Voltage 
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signal at the first node A to drop and cause the trip switch 10 
to close. By closing the trip switch 10, the magnitude of the 
current I is able to rise, as shown in FIG. 3A. During the third 
period of time T, as in the initial period of time To the trip 
circuit 30 once again controls the trip switch 10 based on the 
magnitude of the current I. 

FIG. 4 shows the routine 41 of the processor 40. The 
routine 41 starts by monitoring a characteristic of the trip 
circuit 30 at 42. The routine 41 then determines whether the 
monitored characteristic meets a predetermined criteria at 43. 
When the monitored characteristic meets the predetermined 
criteria, the routine 41 enters the override mode after a first 
predetermined period of time in 44. The routine 41 then waits 
a second predetermined period of time at 45 before exiting the 
override mode at 46. After exiting the override mode, the 
routine 41 returns to monitoring the characteristic of the trip 
circuit 30. 
The disclosed concept can also be embodied as computer 

readable codes on a tangible, non-transitory computer read 
able recording medium. The computer readable recording 
medium is any data storage device that can store data which 
can be thereafter read by a computer system. Non-limiting 
examples of the computer readable recording medium 
include read-only memory (ROM), non-volatile random-ac 
cess memory (RAM), CD-ROMs, magnetic tapes, floppy 
disks, disk storage devices, and optical data storage devices. 

While specific embodiments of the disclosed concept have 
been described in detail, it will be appreciated by those skilled 
in the art that various modifications and alternatives to those 
details could be developed in light of the overall teachings of 
the disclosure. Accordingly, the particular arrangements dis 
closed are meant to be illustrative only and not limiting as to 
the scope of the disclosed concept which is to be given the full 
breadth of the claims appended and any and all equivalents 
thereof. 

What is claimed is: 
1. An electronic fuse circuit for interrupting a current flow 

ing through a power circuit, the electronic fuse circuit com 
prising: 

a trip switch structured to open to interrupt the current 
flowing through the power circuit and to close to permit 
the current to flow through the power circuit; 

a current sensing circuit structured to sense when a mag 
nitude of the current flowing through the power circuit is 
greater than a predetermined magnitude; 

a trip circuit structured to control the trip switch to open in 
response to the current sensing circuit sensing that the 
magnitude of the current flowing through the power 
circuit is greater than the predetermined magnitude and 
to control the trip switch to close when the current sens 
ing circuit does not sense that the magnitude of the 
current flowing through the power circuit is greater than 
the predetermined magnitude; and 

a processor having a routine, the routine being structured to 
monitor a characteristic of the trip circuit and, when the 
monitored characteristic meets a predetermined criteria, 
to enter an override mode, 

wherein, in the override mode, the processor is structured 
to output a signal to the trip circuit which forces the trip 
circuit to control the trip Switch to open and remain open 
regardless of the magnitude of the current flowing 
through the power circuit. 

2. The electronic fuse circuit of claim 1, wherein the rou 
tine of the processor is further structured to enter the override 
mode a first predetermined period of time after the monitored 
characteristic meets the predetermined criteria. 
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6 
3. The electronic fuse circuit of claim 1, wherein the rou 

tine of the processor is further structured to exit the override 
mode a second predetermined time after entering the override 
mode, and to resume monitoring the characteristic of the trip 
circuit. 

4. The electronic fuse circuit of claim 1, wherein the trip 
circuit includes a node; wherein the monitored characteristic 
of the trip circuit is a Voltage signal at the node; and wherein 
the predetermined criteria is a change in a magnitude of the 
Voltage signal at the node. 

5. The electronic fuse circuit of claim 1, wherein the cur 
rent sensing circuit includes a first resistor, a second resistor, 
and a first switch; and wherein when the magnitude of the 
current flowing through the power circuit is greater than the 
predetermined magnitude, the first Switch closes and outputs 
a signal to the trip circuit. 

6. The electronic fuse circuit of claim 5, wherein the first 
Switch is a bipolar junction transistor. 

7. The electronic fuse circuit of claim 1, wherein the trip 
switch is a metal-oxide-semiconductor field-effect transistor. 

8. An electronic fuse circuit for interrupting a current flow 
ing through a power circuit, the electronic fuse circuit com 
prising: 

a trip switch structured to open to interrupt the current 
flowing through the power circuit and to close to permit 
the current to flow through the power circuit; 

a current sensing circuit structured to sense when a mag 
nitude of the current flowing through the power circuit is 
greater than a predetermined magnitude; 

a trip circuit structured to control the trip switch to open in 
response to the current sensing circuit sensing that the 
magnitude of the current flowing through the power 
circuit is greater than the predetermined magnitude and 
to control the trip switch to close when the current sens 
ing circuit does not sense that the magnitude of the 
current flowing through the power circuit is greater than 
the predetermined magnitude; and 

a processorhaving a routine, the routine being structured to 
monitor a characteristic of the trip circuit and, when the 
monitored characteristic meets a predetermined criteria, 
to enter an override mode and control the trip circuit to 
control the trip Switch to open regardless of the magni 
tude of the current flowing through the power circuit, 

wherein the trip circuit includes a second switch and a third 
switch; wherein the third switch is configured to open 
when the second switch closes; and wherein when the 
third switch is open, the trip circuit controls the trip 
Switch to open. 

9. The electronic fuse circuit of claim 8, wherein the third 
switch is electrically coupled to the processor; and wherein 
the routine of the processor is configured to control the third 
switch to open when in the override mode. 

10. The electronic fuse circuit of claim 8, wherein the 
second Switch and the third Switch are metal-oxide-semicon 
ductor field-effect transistors. 

11. A method of controlling an electronic fuse circuit con 
figured to interrupt a current flowing through a power circuit, 
the electronic fuse circuit including a trip Switch structured to 
open to interrupt the current flowing through the power circuit 
and to close to permit the current to flow through the power 
circuit, and a trip circuit structured to control the trip Switch 
based on a magnitude of the current flowing through the 
power circuit, the method comprising: 

monitoring a characteristic of the trip circuit; 
determining whether the characteristic of the trip circuit 

meets a predetermined criteria; and 
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entering an override mode and, in the override mode, out 
putting a signal to the trip circuit which forces the trip 
circuit to control the trip Switch to open and remain open 
regardless of the magnitude of the current flowing 
through the power circuit and controlling the trip circuit 
to open the trip switch. 

12. The method of claim 11, wherein said entering the 
override mode further includes entering the override mode a 
first predetermined period of time after the monitored char 
acteristic meets the predetermined criteria. 

13. The method of claim 11, further comprising: 
exiting the override mode and permitting the trip circuit to 

control the trip Switch based on a magnitude of the 
current flowing through the power circuit. 

14. The method of claim 13, wherein said exiting the over 
ride mode further includes exiting the override mode a second 
predetermined time after entering the override mode and 
resuming monitoring the characteristic of the trip circuit. 

15. The method of claim 11, wherein the trip circuit 
includes a node; wherein the monitored characteristic of the 
trip circuit is a Voltage signal at the node; and wherein the 
predetermined criteria is a change in a magnitude of the 
Voltage signal at the node. 

16. A non-transitory computer readable medium storing 
one or more programs, including instructions, which when 
executed by a computer, causes the computer to perform a 
method of controlling an electronic fuse circuit configured to 
interrupt a current flowing through a power circuit, the elec 
tronic fuse circuit including a trip Switch structured to open to 
interrupt the current flowing through the power circuit and to 
close to permit the current to flow through the power circuit 
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8 
and a trip circuit structured to control the trip switch based on 
a magnitude of the current flowing through the power circuit, 
the method comprising: 

monitoring a characteristic of the trip circuit; 
determining whether the characteristic of the trip circuit 

meets a predetermined criteria; and 
entering an override mode and, in the override mode, out 

putting a signal to the trip circuit which forces the trip 
circuit to control the trip Switch to open and remain open 
regardless of the magnitude of the current flowing 
through the power circuit and controlling the trip circuit 
to open the trip switch. 

17. The non-transitory computer readable medium of claim 
16, wherein said entering the override mode further includes 
entering the override mode a first predetermined period of 
time after the monitored characteristic meets the predeter 
mined criteria. 

18. The non-transitory computer readable medium of claim 
16, further comprising: 

exiting the override mode and permitting the trip circuit to 
control the trip Switch based on a magnitude of the 
current flowing through the power circuit. 

19. The non-transitory computer readable medium of claim 
18, wherein said exiting the override mode further includes 
exiting the override mode a second predetermined time after 
entering the override mode and resuming monitoring the 
characteristic of the trip circuit. 

20. The non-transitory computer readable medium of claim 
16, wherein the trip circuit includes a node; wherein the 
monitored characteristic of the trip circuit is a Voltage signal 
at the node; and wherein the predetermined criteria is a 
change in a magnitude of the Voltage signal at the node. 
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